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Fortword 


This  report  was  prepared  by  the  Applied  Sciences  Depai?tment  of  General 
Umamlcs/Eleotrlc  Boat  as  part  of  the  Submarine  Integrated  Control 
Program  (SUBIC)  of  the  Office  of  Naval  Research.  Electric  Boat  Is  co¬ 
ordinator,  under  Contract  NOnr  2512(00),  of  this  program;  Cdr.  P.R. 
Haselton,  Jr.,  USN,  Is  Project  Officer  for  ONR;  Dr.  A.J.  van  Woerkom 
Is  Project  Co-ordlnator  for  Electric  Boat,  and  Chief  Scientist  of  the 
Applied  Science  Department. 

The  program  Is  divided  Into  several  parts:  ship  control,  weapon  and 
tactical  control,  engineering  control,  communications,  environmental 
control,  and  command  control.  This  report  Is  one  of  a  series  dealing 
with  tactical  control. 
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Abstract 


An  own-ship  with  constant  course  and  speed  fires  a  straight-running 
torpedo  at  a  distant  target.  Plre  control  Information  about  the  tar¬ 
get  Is  based  solely  on  passive  sonar  and  can  Include  bearing  accelera¬ 
tion  and/or  target  speed  based  on  screw  count.  Since  screw  count 
speed  Is  absolute  (water)  speed,  the  method  provides  for  relating  tar¬ 
get  motion  to  own-ship,  relative  to  which  bearings  are  measured. 

Target  Is  assumed  to  be  straight -running  until  the  torpedo  approaches 
within  a  certain  distance.  Then  target  attempts  to  evade,  and  can  be 
located  anywhere  within  an  ever-widening  circle.  Torpedo's  probability 
of  acquiring  target,  that  is  getting  target  within  Its  acoustic  cone, 
depends  upon  the  accuracy  of  the  fire  control  solution  and  target's 
evasion  capacity.  Salvos  of  more  than  one  torpedo  are  considered. 

If  target  gets  within  torpedo's  acoustic  cone,  lOOjt  acquisition  Is 
assumed i  If  It  doesn't,  zero.  Target  and  torpedo  motions  after  ac¬ 
quisition  and  motions  In  depth  are  not  considered. 

Sample  simulations  Indicate  that  the  most  sensitive  parameters  are  the 
distance  at  which  target  detects  an  approaching  torpedo,  solution  ac¬ 
curacy  which  decreases  with  Increasing  target  range,  and  number  and 
type  of  torpedoes  In  a  salvo. 
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I 

SUMMARY  OF  CALCULATION  PROCESS 


The  purpose  of  this  report  Is  to  describe  a  method  which  will  deter¬ 
mine  the  best  angles  at  which  to  fire  torpedoes  at  a  target  and  the 
probability  of  acquiring  the  target  for  those  angles.  Information 
about  the  target  depends  on  timed  sonar  bearings  and  possibly  a  screw 
count  for  speed. 

Constant  course  and  speed  are  assumed  for  own-ship  and  the  torpedo. 

A  straight-running  target  la  also  assumed  until  the  torpedo  gets  with¬ 
in  a  certain  distance  of  the  target  at  which  time  It  attempts  to  evade 
Acquisition  probability  depends  on  errors  In  the  bearing  data  and  on 
the  target's  ability  to  evade. 

Input  for  the  calculation  comes  from  an  Automatic  Statistical  Pi'ocess- 
Ing  (ASP)  solution  of  a  target's  bea ring-time  curve.  This  solution 
gives  target  bearing  at  some  Initial  time,  bearing  rate,  possibly  bear 
Ing  acceleration  and  the  errors  (standard  deviations)  In  these  data. 
The  target's  water  speed,  based  on  screw  count,  and  Its  error  may  also 
be  at  hand. 


Prom  this  Input  Is  found  a  probability  distribution  of  the  target's 
location  at  the  time  a  straight -running  torpedo  fired  from  own-ship 
would  acquire  it.  Tills  distribution  Is  specified  for  a  network  of 
points  (l,j),  where  1  and  J  both  go  from  1  to  n,  so  that  there  are  n" 
separate-  points.  For  each  point  Is  calculated  the  probability  that 
the  target  will  have  a  trajectory  associated  with  It,  and  some  parame¬ 
ters  to  specify  that  trajectory.  Slightly  different  calculation 
processes  are  used  for  the  4  cases  of  input  data: 


Case  I. 

Case  II. 
Case  III. 
Case  IV. 


Bearing,  Rate,  Acceleration,  and  Screw-Count  speed 
known. 

Bearing,  Rate,  and  Acceleration  known 
Bearing,  Rate,  and  Screw-Count  speed  known. 

Bearing  and  Rate  known. 
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After  the  calculations  have  been  made  for  the  n“  points,  the  target's 
motion  associated  with  each  of  those  points  Is  studied.  A  certain 
firing  angle  Is  assumed  for  the  torpedo.  The  target  Is  assumed  to  be 
straight-running  until  the  torpedo  fired  at  It  gets  within  a  certain 
distance.  Target  evasion  la  next  considered.  The  target  continues 
Its  straight  run  for  a  calculable  time  interval,  after  which  It  can  be 
located  anywhere  within  an  ever-widening  circle.  The  time  of  straight 
run  and  rate  of  Increase  of  circle  radius  depend  on  target  Initial 
speed  and  target  top  speed. 

For  each  of  the  n^  points,  the  target's  probability  of  acquisition  by 
the  torpedo  depends  on  the  Intersection  of  Its  path  with  the  torpedo's 
acoustic  head.  Torpedo  Is  assumed  to  be  straight  running  and  to  run 
for  a  certain  length  of  time  before  its  fuel  Is  exhausted.  For  con¬ 
venience  In  calculation,  the  target's  motion  Is  plotted  relative  to 
the  torpedo.  If  target  passes  through  torpedo's  acoustic  head  before 
Its  circle  develops,  the  acquisition  is  lOOjt.  Otherwise,  the  acqui¬ 
sition  equals  the  fraction  of  target's  circle  which  passes  through 
the  acoustic  head  before  the  torpedo  runs  out  of  fuel. 

The  acquisition  probability  for  each  of  the  n''  points  Is  found,  multi 
plied  by  the  probability  that  that  point  characterizes  the  target's 
motion,  and  summed  over  all  n‘  points.  This  equals  the  total  acquisi¬ 
tion  probability  for  the  toi?pedo. 

Naturally  the  total  acquisition  probability  depends  on  the  angle  at 
which  the  torpedo  is  fired.  Calculation  is  made  for  five  different 
angles  covering  a  spread  outside  of  which  acquisition  probability  Is 
very  small.  A  firing  angle  Is  chosen  within  the  spread  which  will 
give  a  high  acquisition  probability.  If  more  than  one  torpedo  Is  to 
be  fired,  additional  firing  angles  are  chosen  which  do  not  seriously 
duplicate  the  acquisition  effected  by  previously  fired  torpedoes.  Up 
to  4  torpedoes  may  be  fired. 

The  whole  calculation  can  be  simimarlzed  by  a  schematic  flow  chart. 
Figure  1. 
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inoURE  1.  SUMMARY  OP  THE  CALCULATION  PROCESS 
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EXPLANATION  OF  CO-ORDINATE  SYSTEMS 

Several  co-ordinate  systems  are  used  in  this  report.  At  first,  sys¬ 
tems  are  chosen  In  which  the  observations  (input  quantities)  are  made 
Later,  transfomatlons  are  made  to  a  system  that  appears  to  be  most 
convenient  for  calculation. 

OcMn  Bottom  System 

This  system,  being  fixed  with  respect  to  the  earth.  Is  physically  the 
most  fundamental.  However,  the  Input  quantities,  speeds  and  bearings 
are  not  measured  relative  to  the  ocean  bottom.  The  ocean  bottom  ref¬ 
erence,  therefore,  Is  not  computationally  convenient  since  no  compon¬ 
ent  In  the  fire  control  problem  Is  fixed  relative  to  It.  Accordingly 
It  Is  not  used  In  this  report. 

OcMn  Water  Systtm 

This  system  Is  physically  equivalent  to  the  bottom  system,  unless  the 
ocean  current  vector  varies  over  the  trajectory  followed  by  the  tor¬ 
pedo  In  going  from  •  wn-shlp  to  target.  If  the  current  does  not  vary, 
the  two  systems  differ  only  by  a  constant  velocity,  which  does  not 
affect  the  dynamical  relation  between  forces  and  accelerations.  The 
Inputs  of  own-ohlp  speed,  target  screw  count  speed,  and  torpedo  speed 
are  measured  In  this  system. 

Own-Ship  Syttom 

Bearltigs  and  their  d  -rlvatlves  are  measured  In  this  system.  To  com¬ 
bine  them  with  the  speed  Inputs,  the  latter  are  converted  from  the 
water  system  to  the  own -ship  system  by  means  of  the  formulae  associa¬ 
ted  wltli  Figures  ?  ar.d  . 
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Torpedo  System 

In  the-  analysis  of  target  acquisition  by  the  torpedo's  acoustic  cone. 
It  Is  convenient  to  fix  one  of  these  two  at  the  origin  of  a  new  co¬ 
ordinate  system.  We  choose  the  torpedo  cone.  The  transformation  of 
target's  motion  from  the  own-ship  system  to  the  torpedo  system  is 
covered  by  equation  (>1).  Target's  motion  relative  to  torpedo  Is  Il¬ 
lustrated  In  Figures  7  and  8. 
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III 

OPTIMAL  FIRING  ANGLES  AND  THEIR  ACQUISITION  PROBABILITY 
FOR  A  SALVO  OF  STRAIGHT-RUNNING  TORPEDOES 

3.1  Introduction  To  Tha  Strolght-Running  Target 

An  own-ship  traveling  at  constant  course  and  speed  detects  a  target 
by  means  of  sonar,  and  tracks  It  for  a  certain  time.  The  sonar  in¬ 
formation  Is  processed,  and  own-ship  fires  a  salvo  of  straight-run¬ 
ning  torpedoes  at  different  bearing  angles  chosen  to  optimize  the 
probability  of  acquiring  the  target. 

From  the  sonar  Is  obtained  a  series  of  timed  bearings  and  perhaps  a 
screw  count  speed  estimate.  A  second  degree  curve  Is  passed  through 
the  discrete  bearings  by  means  of  the  theory  of  least-squares, 

B(t)  -  B  +  b(t.t^)  +  c(t-t^)^}  (1) 

and  Initial  bearing  B,  initial  bearing  rate  B  b,  and  bearing  accel- 

•  « 

eratlon  B  --  ?c  are  found.  The  target  Is  assumed  to  be  straight-run¬ 
ning  during  the  time  covered  by  B(t),  and  terms  higher  than  second 
degree  are  assumed  Insignificant.  The  deta^s  are  given  In  the  ASP 
(Automatic  Statistical  Processing)  report^^ 

The  basic  geometrical  situation  Is  shown  In  Figure  2.  The  target 
speed  estimate  derived  from  screw  count,  Is  speed  relative  to  the 

water.  It  Is  used  with  the  speed  of  own-ship  relative  to  the  water, 
to  find  target  speed  relative  to  own-ship,  u: 

■^TA  '^OS  ^  ~  ’^OS*^  co3(90''  -  B  +  a) 


SUBIC  -  Mathematical  Concepts  of  the  Automatic  Statistical  Proceas- 
Ing  Fire  Control  Computer  (U),  General  Dynamlcs/Electrlc  Boat  report 
#C4 17-01 -Oil,  October  1961  CONFIDENTIAL 
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or 

Relative 


u  =  -  Sq3  3ln(a  -  B) 
speed,  u,  must  be  a  real,  positive 


cos'  (a 
number. 


-  B) 


This  formula  Is  based  on  the  law  of  cosines  and  assumes  a  co-ordinate 
system  fixed  with  respect  to  the  water.  Bearing  B  is  measured  with 
respect  to  own-ship's  axis:  B  =  0"  If  on  the  port  side.  Own- 
ship's  axis  Is  assumed  to  be  pointed  in  the  direction  of  own-ship's 
course  relative  to  the  water.  Any  difference  In  water  current  be¬ 
tween  own-ship  and  target  la  neglected. 


In  the  figure,  triangle  0  sliowa  the  motion  of  target  relative  to 

own-ship.  The  relative  angle-on-the-bow,  a,  la  shown  in  the  ASP  re¬ 
port  to  depend  on  B  and  B: 

•  ^ 

tan  a  ~  —  -  rr<a<fr  (3) 

B 

Bearing  rate  B  depends  on  u,  a,  and  range  R 

B  (.1) 

from  which  range  can  be  found. 

The  signs  of  B  and  B  and  the  quadrant  of  a  are  controlled  as  follows; 


a) 

Bearl ng 

Increasing, 

target 

closing. 

Bi-, 

B+, 

0<a<(r/il 

b) 

Bearing 

Increasl ng. 

target 

opening. 

B+, 

•  • 

B-, 

(r/d<n<Tr 

c) 

Bearing 

Jecreaslng, 

target 

closing. 

B-, 

•  • 

B-, 

-ir/.l<a<0 

d) 

Bea  rl ng 

decreasing. 

target 

opening. 

B-, 

•  • 

B+, 

-7r<a<-7r/2 . 

Wlien  the  torpedo  Is  fired,  the  target  Is  at  position  T^.  The  torpedo 
moves  along  angle  p  so  that  the  base  of  Its  acoustic  cone  Just  ac- 
qvilivs  tlu'  ta  rgt  t  wh-n;  tlie  target  reaches  a  certain  position  T^ ,  as 
shown  In  F1g\ire  If  the  torpedo  cone  altitude  la  z  and  its  speed 

S,pQ,  then  It  trav''rsts  its  cone  altitude  In  time 
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The  co-ordinates  of  are  given  by  two  equations 

X  =  TU  sin  a  «=  (t  +  A)S^q  sin  p  (6a) 

y  =  R  -  TU  cos  a  =  ( r  +  A)S^q  cos  p  (6b) 

which  are  solved  simultaneously  to  give  torpedo  travel  time  x  and 
firing  angle  p  (l.e.,  the  angle  of  torpedo's  motion  relative  to  own- 
ship  ' s  motion) . 

Purpota  of  tho  BocktOtA  -  if  the  sonar  Inputs  B,  B,  B,  and  aux¬ 
iliary  data  Sq^j  z,  Sip^  are  exactly  known,  then  equations  (2)  through 
(G)  can  be  solved  In  that  order  to  find  i  and  p.  At  the  Instant  when 
target  la  at  T^,  a  straight-running  torpedo  moves  along  angle  p,  and 
acquisition  la  assured  at  point  T^.  However  If  one  of  the  Inputs  Is 
uncertain.  It  la  only  possible  to  say  that  target  will  be  located 
somewhere  along  an  "acquisition  locus"  where  it  may  be  acquired 

by  a  torpedo  moving  at  an  appropriate  angle  p.  if  the  backset  A  la 
used,  as  provided  In  equations  (5)  and  (6),  one  torpedo  will  acquire 
not  only  the  target  corresponding  to  p  but  also  nearly  all  targets 
along  Tj  Intercepted  by  the  torpedo's  acoustic  head;  specifically 
all  targets  whose  own  angles  of  acquisition  lie  between 

P  -  Pj  and  p  +  p^,  where 
(l  ?! 

See  Figure  3. 

If  there  were  no  backset  A,  the  torpedo  would  acquire  only  the  target 
Intercepted  by  the  torpedo  Itself  -  the  Intersection  of  Tj  T"  with  p  - 
and  tlie  advantage  of  tlie  acoustic  head  would  be  lost. 
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Figure 

ACOUSTIC  HEAD'S  INTERCEPTION  OF  THE  ACQUISITION  LOCUS 


e  ..  farotan  ^ 

\  R  /  R 


^bOe 

icOi-  ^arctaii  ^  j  J  ^ 
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Torpddo  Motion  -  The  basic  equations  (2)  to  (6)  determine  torpedo 
angle  p  as  a  function  of,  among  other  things,  torpedo  speed  S,pQ. 
However,  both  of  these  are  defined  by  Figure  2  as  being  relative  to 
own-ship. 

In  Its  path  through  the  water,  the  torpedo  experiences  a  thrust  from 
the  water  which  Is  caused  by  and  oppositely  directed  from  own-ship's 
motion.  The  torpedo's  velocity  relative  to  own-ship  equals  the  vec¬ 
torial  difference  of  Its  water  velocity  minus  that  of  own-ship.  See 
Figure  4. 

Figure  4 

EFFECT  OF  FIRING  ANGLE  ON  TORPEDO  SPEED  RELATIVE  TO  OWN-SHIP 


S;J1q  sin  (B  +  P 
S^Q  cos  (B  +  p 
These  equations  can 


^TO 


-Sqs  sin 


90“ 


+  6P)  =  cos  (B  +  p) 

bt  rewritten  In  convenient  computational  form; 
(B  +  p)  ?\f{S 


'OS 


sin 


{b  4  p|)-- 


^OS  ^TO 
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Torpedo  firing  angle  la  given  by: 


(  r  s.c, 

(B  +  B  +  BP)  =  arctan  tan  (B  +  P)  +  n —  sec  (B  +  P) 

L  TO  J 


5ir 


TT 

-  T 


Sign 


^cos  (B  +  p)j  I 


mod  2rr 


(6d) 


In  (6c),  the  sign  of  the  radical  Is 
to  assure  the  numerically  larger  S, 


±,  but  must  always  be  taken  as  + 


TO* 


Whichever  sign  Is  taken,  the 


corresponding  firing  angle  (B  +  p  +  6P)  will  be  found  from  (6d).  If 
.V— is  taken  In  (6c),  Is  found  and  then  used  in  (6d)  to  get  the 
corresponding  (B  +  P  +  BP). 


In  the  actual  calculation.  S,pQ 
used.  Initially,  let  -  S^q, 


Is  given  but  not 
and  apply  (2) 

Initial  estimate  for  firing  angle  p^^^ 
new  .  Use 

are  stabilized;  probably  3  or  ^4  Iterations  will  suffice. 


S^Q.  An  Iteration  la 
to  (6b)  to  get  an 
into  (6c)  to  get  a 


and  p 


Put  It 

Use  In  (  i)  to  (6b),  etc.  Continue  until 

P  Is  used 

In  the  later  calculations  of  best  firing  angle  and  acquisition  prob¬ 
ability,  sections  3.  .'  to  3.5.  When  these  have  been  found  after  equa¬ 
tion  ('^S),  the  flrliig  angle  correction.  Bp,  Is  found  from  (6d). 


3.2  C«M  for  0  Straight-Running  Torgot 

Tht:-  Inputs  B,  B,  z,  and  are  assumed  known,  but  B  and/or 

may  be  known  only  with  a  considerable  error  or  may  be  lacking. 
Then;  are  foni-  possible  cases.  In  a  calculation  of  firing  angle,  the 
approprlat-'  i/Jne  :::ust  be  chosen.  Its  calculation  done,  and  then  allow- 
oiiie  Iliad-'  f(U'  a  non  straight-running,  or  maneuvering,  target  covered 

In  J.o'noi.  :).3. 

Cose  I  -  ii  ani  a,  i  n- wn  with  error,  beta  be  the  standard  devla- 
if.ii  In  I.,  .di!  .  i  )’.  ■  'i  J'n t  and  E  by  equation  (3).  Let  be 
•-I,  n.  . 


13 


CONFIDENTIAL 


CONFIDENTIAL 


It  Is  necessary  to  calculate  the  target  acquisition  point  T, (x,y)  for 

^  0  ^ 

different  combinations  of  (a,  a±  ct±  — »  . .  .a±  P,o  )  and 

^1  •;  a 

^  ^  s 

^  ^TA  ^  p  t  “  j7"”  ">  *  •  *  ^  ^  3-nd  then  assign  a 

probability,  P,  that  the  target  will  occupy  each  of  those  positions  at 
the  time  that  the  torpedo.  If  fired  at  the  corresponding  angle  p, 
would  acquire  It.  Probability  P^j  Is  calculated  on  the  assumption 
that  relative  angle-on-the-bow  and  target  speed  are  nomally  distrib¬ 
uted  with  means  a  and  and  standard  deviations  andc^,  respec¬ 
tively.  If  these  quantities  have  some  other  distribution  which  can 
be  represented  by  a  polynomial,  then  an  alternate  formula  for  P^j  Is 
offered.  The  calculation  Is  as  follows: 


n  =  2P^P.,  +  1 


(7) 


0 

==  a  +  (1  -  1  -  P^Pg) 

-  VP 


1  «-•  1  to  n 

(8) 

J  «  1  to  n 

(9) 

Por  some  1,J  there  will  be  two  Uj  and  Por  the  +‘\/~ and  In 

formula  (2).  Another  Index,  k  »  1  and  k  «  2,  Is  used  for  this.  All 

•  • 

the  are  stored  for  use  In  section  3.3.  If  B  or  S,j,^  Is 

lacking,  point  Is  replaced  by  acquisition  locus  T|  T!^.  The  form 
of  this  locus  can  be  Judged  from  a  graph  of  target  acquisition  points, 
based  on  equations  (2)  through  (C),  for  a  typical  tactical  situation: 
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B  =  0''  B  ■  +  2.5  rad/hr  -  10  kt  -  40  kt  z  »  700  yd 

B  and  variable.  See  Figure  5. 

Curves  of  constant  *B  (dotted  lines)  are  open,  with  moving  away 

from  the  origin  as  Increases.  Curves  of  constant  (solid 

lines)  are  closed,  with  moving  first  away  from  the  origin  and  then 

back  again  as  B  goes  from  -«  to  +«>.  These  curves  exhibit  a  nesting- 

property:  If  ,  the  curve  lies  entirely  with  the 

sift  curve.  Hence,  If  E  Is  unknown  and  S_.  Is  only  known  to  be  less 
1 A  (  ^  \  ^  ^ 

than  some  Sil^,  then  the  torpedo  must  be  fired  within  an  "acquisition 
ift  /o  \ 

area"  bounded  by  the  curve. 


These  characteristics  of  the  curves  will  be  used  In  the  cases  II, 

III,  IV  calculations. 

Cost  II  -  B  known  with  error,  S,p^  less  than  some  upper  limit  R 

greater  than  some  lower  limit  R. 

Since  6  and  B  are  known,  a  Is  known  and  has  an  error  derivable 

•  •  ^  (X 

from  error  In  B  by  differentiating  (3)*  Different  speeds  8;^^^  are  as¬ 
signed  to  different  ranges  R,  to  which  a  probability  distribution 
U(R)  can  be  assigned  on  the  basis  of  search  theory. 


n  and  as  In  Case  I  (7)»{8) 

/I  2  2 

TT  =  a  function  of  “  “  ^OS  V^TA"^0S  cos  (a-  B)  (2) 


TT 


a  function  of  u  = 


u  sin  a 

B 


(4) 


Rj  are  distributed  evenly  between  R  and  "R  so  that  Rj  ±  ^  (IT-R) 
cover  the  whole  range  of  R  to  IT.  A  probability  will  be  calcula¬ 
ted  which  depends  partly  on  a  as  In  Case  I  and  partly  on  R.  The  sim¬ 
plest  fom  of  the  latter  would  be  U(R)  «»  R^,  l.e.,  probability  con¬ 
stant  with  range.  This  assumes  that  the  pi*obablllty  of  a  detected 
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PIOURE  S.  ACQUIsSTTION  LOCI  POR  DIFFERENT  B, 
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target  being  tracked  declines  with  range  Just  enough  to  make  up  for 
the  increase  with  range  of  the  area  of  an  annulus  of  fixed  thickness 
within  which  a  target  might  be  found. 


P 


IJ 


=  exp 


+  U,R.  +  U,R-. 
o  1  J  2  j 


or 

Store 


hj  -[e  1  1 

,u^.,  for  use  in  section  3.3* 


"3''j 


(13) 


Cote  III  -  B  unknown,  known  with  error,  R  greater  than  some  lower 
limit  R. 


Since  B*  is  unknown,  a  is  indeterminate.  If  B  is  positive,  a  will  lie 
between  0  and  rr  radians;  if  negative,  between  0  and  -ir  radians.  For 
each  a,  there  is  an  associated  range  R  which  has  a  probability  dis¬ 
tribution  U(R).  Unlike  Case  II,  the  ranges  are  not  equally  distribu¬ 
ted  from  R  to  maximum,  so  U{R)  must  be  multiplied  by  AR—  I  Rj^  - 

n  and  Sj  as  in  Case  I  (7)»(9) 

(1-1/2)  .  sign  B  (l4) 


u^j  as  in  (2).  There  can  be  a  positive  Uj  for  +y~  and  for  .y  (2) 


R  = 


u^  ^  sin 


(4)  (15) 


Pjj  =  *xp. 


j-  [”0  +  *  “s"!]  I 

■  [h  :'i  !  ''0  ♦  "'"1  *  *  "s”?  !''i  -  "i-il 


^1  ■  ^1-1 
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If  R<R  ,  =  0  . 

Store  in  sectloii  3.3- 


Cat0  IV  -  B  and  unknown,  R  greater  than  _R,  lesa  than  some 
upper  limit  "S. 


Is  determined  as  In  Case  III.  A  lower  limit  to  target  speed,  _S 
Is  necessary  to  maintain  the  sign  of  the  bearing  rate.  Then  ^  are 
distributed  evenly  between  _S  and  "S.  Ranges  Rj  are  calculated  so  that 
a  probability  can  be  assigned. 


n 

a. 


S  =  S  cos  B  sign  B 
Oo 


If  S<0,  let  S  ^  0 

Sj  .  S  H.  (3-S) 


Ujj  There  can  be  two  positive  u,  ^  as  In  Case  Ill, 


Store 


*^l’''lj’  ^IJ  3*3. 


(7) 

(14) 

(17) 

(18) 


(2) 

(15) 

(16) 


3.3  -  Allowonc*  for  Torgot  EvcMion 

The  target  Is  assumed  to  be  straight-running  during  the  aSP  solution 
and  until  the  fired  torpedo  gets  within  a  certain  distance,  D,  of  It. 
At  tliat  Instant  the  target  utt'?mpts  evasion  by  changing  course  and/or 
speed.  Its  ability  t  _>  •-vai,:'  ha.'  been  studied  by  intaris  of  simulations 
run  on  an  IBM  V04  oa.;o  ilat.  x-  a;  \  base  }  oi  the  s.ubmarlne  equat!<jnri  of 
motion. 

Results  show  that  a  fast  maneuvering  target  cannot  change  course  or 
speed  markedly  until  a  tim*-  't  after  detection  of  a  torpedo. 
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Thereafter,  the  target  can  be  anywhere  within  a  figure  which  resembles 
a  circle  whose  radius  Increases  linearly  with  time.  The  time  after 
detection  At  and  the  radius  of  the  circle,  r,  are  functions  of  time 
t.  Initial  target  speed  maximum  target  speed  1,  and  detection 
time  tjj. 

1500  -  S„,(110-2S) 

At  - - -  (19) 

100  ^ 

r  «  100  S  (t-tj^-At)  +  110-2^)  -  2500  (20) 

If  r<0,  let  r  «  0 

r  la  In  feet,  S,p^  and  S  In  knots,  T  =  (t-t^-At)  In  minutes.  Comparison  of 
these  simplified  expressions  with  the  actual  results  of  a  simulation 
based  onS,p^“17,  ^  2  5,  T  «  1/2,  1,  ...  3  minutes  are  shown  In  Plg- 

ui?e  6.  Equations  (19)  and  (20)  are  fairly  adequate  for  0<Stj,^<40, 

2  5<^^<40.  Figure  formulae  ai?e  for  a  co-ordinate  system  fixed  with 
respect  to  the  water. 

The  probability  that  a  torpedo  with  acoustic  head  acquires  an  evading 
target  Is  found  by  calculating  the  target  and  toi?p®do  paths  and  de- 
temlnlng  the  likelihood  that  they  simultaneously  Intersect.  Since 
both  time  and  position  are  Involved,  It  Is  useful  to  Imagine  a  3- 
dlmenslonal  co-ordinate  system  with  orthogonal  axes  x  and  y  for  posi¬ 
tion  and  t  for  time.  In  calculating  Intersections,  It  Is  useful  for 
one  of  the  agents  -  the  torpedo  -  to  be  Imagined  stationary  In  time, 
so  that  Its  position  (x,y)  and  that  of  Its  acoustic  head  are  Indepen¬ 
dent  of  t.  The  torpedo  Is  placed  at  the  origin.  See  Figure  7. 

Let  t  =  0  when  the  torpedo  Is  fired.  Since  both  it  and  target  are 
straight-running  until  target  detects  It,  the  target's  trajectory  In 
the  (x,y,t)  system,  relative  to  the  torpedo.  Is  a  straight  line. 

When  the  target  passes  within  some  distance  D  of  the  torpedo,  at  time 
tjj.  It  still  moves  along  the  same  straight  line  until  a  certain  time 
tp  •=  tjj  +  At  when  r  becomes  nonzero.  When  t>tp,  the  straight  line 
becomes  a  cone  which  flares  out  with  radius  r(t),  equation  (20).  The 
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INITIAL  SPEED  17  KT 
FINAL  SPEED  25  KT 
TIME  1/2,  I . 3MIN 


CIRCLES «  LOCI  OF  TARGET  POSITIONS  AFTER  TIMES 

1/2,  l,...3MIN.  ACCORDING  TO  EQUATIONS (19), (20). 

POINTS  >  ACTUAL  TARGET  POSITION  ACCORDING  TO  SIMUI.ATIONS. 


PIQURE  6.  TAROET  EVASION  CAPABILITY  RELATIVE  TO  WATER 
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t 


SMppifd  nito  ip  con*  Mctien  at  tp  >  portion  of 
con*  within  quodront  ■,  jr  >0  whicit  I*  ocpoir*#  by  torpobo. 


I  lUJi'i'' 


'lAnnr:'^  mottoij  Rtt.ATivr  to  torpedo  in  ■i’HREk  DiHr^Nnioj::; 
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torpedo's  acoustic  head  Is  a  sector  of  a  circle  with  search  angle  2y, 
radius  p'  «  Z  sec  7  center  at  the  origin;  and  In  the  (x,y,t)  system 
It  rises  straight  up,  parallel  to  the  t-axls.  If  the  target  line 
segments  within  0<t<tj,  Intersect  the  head,  the  acquisition  probabil¬ 
ity  Is  lOOjt.  If  not,  but  portions  of  the  cone  Intersect  the  head, 
the  probability  equals  the  percentage  of  points  within  the  cone  which 
Intersect  the  head  a_t  any  time  t^<t<tp,  where  t^  is  the  time  when  the 
torpedo  reaches  a  certain  distance  p  from  own-ship  and  runs  out  of  • 
fuel  tp  s=  p  4-  S^o*  Figure  7. 

The  three  dimensional  kinematic  model.  Figure  7,  can  be  reduced  to  a 
two  dimensional  model  which  will  be  a  more  convenient  basis  for  the 
actual  calculations.  The  x  and  y  co-ordinates,  which  denote  position 
relative  to  the  torpedo,  are  retained.  The  time  co-ordinate  Is  drop¬ 
ped,  and  the  target's  motion  Is  shown  as  a  series  of  points  In  the 
xy  plane,  each  point  for  a  particular  time.  The  torpedo's  acoustic 
head  la  fixed  at  the  origin.  For  0<t<tp,  the  target  moves  along  a 
line  segment.  For  tj,<t<tp.  It  can  occupy  any  point  within  the  circle 
of  Its  maneuver.  See  Figure  8.  If  target  passes  within  the  acoustic 
head  at  any  time  0<t<tp,  It  la  acquired.  If  not,  but  If  in  passing 

from  the  point  ^(tj,),  y(tj,)  to  some  point  In  the  circle  for  tp  it 

goes  through  the  head,  then  it  is  acquired.  The  probability  of  ac¬ 
quisition  during  the  time  tp<t<t  equals  the  fraction  of  the  circle 

at  tp  which  has  lines  going  to  x(tp),  y(tp)  that  pass  through  the 
acoustic  head. 

3«4  -  Optimal  Firing  Angif  fOr  Ona  Torpodo 

Several  angles  p  are  calculated  from  the  u,  a  found  in  section  3*2 
accoixllng  to  the  precepts  of  section  3*1-  Values  1,  J  are  chosen  to 
cover  the  range  within  which  acquisition  probability  is  likely  to  be 
non-negllglble ; 

(1,J)  »  (l,l)j  (l,n);  (n,l)}  {n,n);  (1  +  ^  ^1^2^ 
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For  each  of  these,  the  acquisition  probability  la  calculated  accord¬ 
ing  to  the  method  of  section  3.I  and  by  means  of  the  following  equa¬ 
tions  (21-37): 


Tim#  lnt#rval  0<t<tj,  -  Figure  2  shows  the  motions  of  a  straight-run¬ 
ning  target  and  a  torpedo  relative  to  own-ship.  Target  moves  at 
speed  u  along  angle  a  and  torpedo  moves  at  speed  S,pQ  along  angle  p. 
Target's  motion  relative  to  torpedo  Is 

Xij(t)  =  t(u^j  sin  sin 

^  (21) 

yij(t)  -  Rjj  -.  t(u^j  cos  cos  p^^) 


P^^  refers  to  some  one  of  the  angles 

R  must  be  found  from  u,  a,  B  by  equation  (4),  The  time  tjj  occurs 
when  target  comes  within  distance  D  of  toj?pedo: 

[x(tp)]  2  +[y(tp)]  ^  (22) 

The  quadratic  formula  yields  two  roots,  tj^^^  <  tj^.  If  Si  is  posi¬ 
tive  and  less  than  the  time  tp  when  torpedo  runs  out  of  fuel,  let 
“  ^Dl'  ^Dl^®  then  D<  Initial  range  so  that  target 

will  start  to  evade  as  soon  as  torpedo  Is  fired;  l.e.,  tjj  ■  zero. 

If  tjjj^>tp  or  both  roots  are  negative  or  Imaginary,  then  the  torpedo 
never  can  acquire  target;  A(p.  .)  Is  zero,  and  we  go  to  the  next  set 
of  (1,J). 


t 


r 


+ 


At. 


(19),  (22) 


Acquisition  for  0<t<tr«  aco]^tlc  head,  Figure  8,  is  bounded  by 

three  segments  -  and  T^^T^,.  If  target  path  x(0),  y(0)  to 

x(tp),  y(t^)  Intersects  any  one  of  these.  It  Is  acquired.  The  Inter¬ 
section  tests  are  as  follows; 


Let  x(0)  “  y(0)  “  x(t^)  -  y(tp)  -  y^.  First  is  found 
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PiaURE  8.  TARQET  MOTION  RELATIVE  TO  TORPEDO  IN  TWO  DIMENSIONS 
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whether  or  not  any  point  on  the  line  segment  (x^,y^)  to  (x^^y^) 
within  a  distance  OT^  «=  p  of  the  origin. 


Equation  of  the  line 


(::-x^)  +  y 


1 


3 

Equation  of  the  circle  x"  + 


I  -■> 

P  ^ 


lies 


(23) 

(241 


(23)  Is  substituted  In  (24),  and  roots  x',x"  are  found  from  the  quad¬ 
ratic  formula.  If  x',x"  are  real  and  one  of  them  lies  between  x^ 
and  then  an  Intersection  exists  and  the  next  test,  equation  (25), 
Is  made.  If  not,  then  no  point  of  the  segment  (x^^,  y^),  (x,^,y2)  lies 
within  p'  of  the  origin,  so  omit  (25)  -  (28). 


Intersections  of  (x^^)  to  (x^, )  with  the  line  segments  and 
are  tested; 


Equation  of  the  line  along  137^  y  «  x  cot  -  7)  (25) 

Equation  of  the  line  along  OT2  y  «  x  cot  +7)  (26) 


(25)  Is  substituted  Into  (23)  •  The  Intersection  point  (x  ,7^,)  Is 
found.  If  Xp  lies  between  x^  and  x^,  and  If  x^  +  <  p'2  an  Intei 

section  exists  and  target  Is  acquired.  If  not,  a  similar  test  Is 
made  with  (26).  If  It  falls.  Intersection  with  arc  T^Tg  Is  tested 
as  follows: 


y,  y"  found  from  x',  x"  (23) 

P'(x',y')  lies  on  the  arc  T^T,  If  the  following  conditions  are 
fulfilled 


sin  T^T, 


? 

p'“  sin  27 


=  sin  Q  Tj^P'l  +  I  P'T;,jj  or 

=  ly'  3ln(p^j^-7)  -X'  co3(p^^^-7)||^x'  sln(pj^^  +7)  + 

y'co3(^,^+7)j+|x'  co8(a^^j  +  y>  -  y'  aln(p^^j  +  7)| 
[x'sln(p^^  -  “y'  +  y'cos(p^^  -  71]  (271 
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T]_P'  y  or 

X'  3ln(p^^-  7)  +  y  cosO^j^  -  7)  0  i^Q) 

A  similar  test  Is  applied  to  P"(x",y"). 


Tlm«  p-  The  target  can  now  occupy  any  point  within  an  ever 

widening  circle  of  radius  r«(t-tp).  The  circle's  center  (Xgjyg)  la 
the  target's  position  x(t^),  y(t^)  modified  by  the  torpedo's  motion 
after  time  t^.  The  torpedo's  position  relative  to  the  water  Is 

Xto  =  (S^Q  sin  +  Sq3  cos  B)t  ,  y^^  3^^  cos  +  S^g  sin  B)t 

{‘^9) 


At  the  time  t 

P 


when  the  torpedo  run  ends , 


the  center's  position  Is 


XTo(tr)]  ; 


(30) 


The  acquisition  probability  during  t^<t<tp  equals  the  areal  fraction 
of  the  circle  at  time  tp  which  has  passed  through  the  acoustic  cone 
since  tj,.  To  find  the  fraction,  a  numerical  Integration  Is  done  over 
a  rectangular  grid,  superposed  on  the  circle  as  In  Figure  9* 

(le-l-K)  y 


im 


=  X  + 

c 


X 


ye  + 


If  (x 


im 


-  x  + 

c ' 


(y 


6m 


-  J'o) 


(2m-l-k)  i,m  *  1  to  K 

(31) 

(32) 


omit  the  point. 
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FIGURE  9 

POSSIBLE  TARGET  POSITIONS  WITHIN  THE  CONE 


Points  X  do  not  satisfy  (36).  Omit  them. 

Each  of  the  segments  y{t^)  to  x  y^^  which  satisfy  (36)  Is 

tested  for  Intersection  with  the  acoustic  cone  according  to  (23) 
through  (28)  with  x^  =  x(t^),  x^^  =  x^^^,  y^  =  y(tp),  =  y^^.  Acvjul- 
sltlon  probability 

No.  of  segments  k,i  which  have  a<r(t  )  and  Intersect  cone  . 

a  ^  r  \  0 

4  “  —  I  —  ■  ■  ...I  ^  !■  .  ..  ■■■- 

No.  of  segments  which  have  a<r(tp) 


This  must  be  multiplied  by  the  probability  Pj^j  that  target  has 
Uj^j  as  given  for  the  different  cases  In  section  3.2.  The  total  ac¬ 
quisition  probability  for  firing  a  torpedo  at  angle  Is  found  by 
summing  over  all  1,  J  and  dividing  by  the  sum  of 
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Bast  Firing  Angle  For  Acquisition  During  0<t<tp  - 


Do  (21) 

-  (34)  for  1, J  =  1. .  .n 

(34) 

nr  1 

n 

5  - 1 

i,j  =  1 

(35) 

Equations  (21)  through  (35)  are  applied  to 

(a,b)  -  (1,1);  (l,n);  (n,l);  (n,n);  (1  +  F^P^,  1  +  P^F2)  (36) 

The  five  angles  are  arranged  In  order  of  size  and  labeled 

Pi  <  h.  <  P3  1  P4  1  P5  ^37) 

and  the  corresponding  are  labeled  A^,  ...  A^. 

If  and  are  so  chosen  that  A(p)  Is  very  small  for  P<Pj^  and  P>P^, 
It  follows  that  an  optimal  angle  should  lie  between  p^^  and  p^.  This 
la  selected  partly  to  get  a  large  A  and  partly  by  random  choice,  to 
allow  for  the  target's  random  evasion  maneuver.  A  line  graph  of  A(p) 
Is  divided  Into  a  number  (H,  +  l)  of  equal  areas  by  vertical  lines  and 
one  of  these  areas  Is  selected  by  a  random  number  between  0  and 
The  p  which  divides  that  area  into  two  equal  parts  Is  the  recom¬ 
mended  angle.  See  Figure  10  and  equations  (39)  through  (45). 


PiaURE  10.  ACQUISITION  PROBABILITY  AS  A  FUNCTION  OF  FIRING  ANGLE 
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Total  area  under  curve  between  and 

^1-0  ^h-  “  h  i  2  1/2  [Ph  -  ^h-l]  11'  **2,3, 4, 5 

(39) 

Fraction  of  Jt  bounded  by  and  Pj^, 

('■0) 

Choose  at  random  an  Intefjer  :  0  <  ^  (4l) 

Determine  0,  the  areal  fraction  corresponding  to 
H  +  1/2 

K-iq^r-r-  (“‘I 

Find  h'  such  that  0^^  <0<  0y^,  ^  (43) 

the  beat  angle  P'  must  be  so  fixed  that  0  =  J  A(p)  dp, 

^5  ^1 

It  la  seen  from  Figure  10  that 

f 

-  '*h.  *  ^y]*h.  .  1  -  *h.)j  ■» 

^h'  -  g '  4-  i^‘^) 

Ph'+l  ■  '^h' 

Then  {0 . 0^,)^^  |(A^,  -  S^,p^,)p+  1/2  S^,p2j  ^ 

^h' 
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Using  algebra  and  the  quadratic  formula 

‘l  -  V2  3^,  ^2  -  -  3^,9^,  >3  -  (l/23^,Sh,-A„,)  - 

S'  ■  5S7  [-  “2  V‘2  -  ]  <"5) 

The  acquisition  probability  associated  with  is  found  by  appli¬ 
cation  of  equations  (21)  through  (37). 

3.5  -  Optimal  Firing  Anglo*  for  Sovorol  Torpodooo 

If  a  salvo  of  torpedoes  p^^^  «=  ...  la  to  be  fired, 

p 

then  the  procedure  of  section  3.^  must  be  followed  for  each  p  .  How¬ 
ever,  two  modifications  are  needed:  (a)  a  time  delay  after  firing  of 
the  first  torpedo;  (b)  omission  of  those  parts  of  .  Aj^j  that  have 
already  been  acquired  by  the  preceding  toiTpedoes. 

(o) 

The  modified  procedure  for  P'  '  et  sequentes  is  the  following: 

Choose  another  random  H^  ^  (4l) 

Calculate  p^**^  (42)  -  (45) 

Xij(t)  =  tu^j  sin  a^j  -  tg  sin  p^^^ 

(46)  »  (21)  mod. 

yij(t)  »  -  tu^j  cos  -  tg  cos  p^^^ 

where  6^^  p  is  the  time  Interval  between  the  launching  of  the  first 
and  Pth  torpedoes,  and  tg  -  t-b^^  p  if  t>6j^  p;  tg  «  0  if  t  p. 

tjj  and  t^  are  the  same  as  when  P  =  1,  since  the  target  maneuver,  to 
which  they  refer,  occurs  at  the  approach  of  the  first  torpedo. 

However,  there  are  now  4  critical  times  0,  t^,  t^,  p.  Along  each 
of  the  3  time  Intervals,  target  will  have  a  constant  speed  and  direc¬ 
tion  relative  to  the  toiT)edo,  so  that  equations  (21)  through  (35)  can 
be  used  with  only  slight  modification.  The  3  nonzero  critical  times 
are  arronged  in  order  of  size 


30 


CONFIDENTIAL 


CONFIDENTIAL 


0  <  <  t^3) 


('+7) 


so  that  3  cases  are  possible: 


0,  t 
0 


(1)  _ 


=  6 


1,P^ 


t  ,  t(3)  «  t 
r'  p. 


1,P 


^  "r  >  "1,P 

For  whichever  of  these  obtains  for  toiTpedo  P,  then  appropriate  modi¬ 
fication  of  (21)  through  (35)  will  yield  A(p^)  which  Is  the  Increment 
to  the  acquisition  probability  for  the  Pth  torpedo.  In  each  case,  an 
acquisition  Is  not  counted  If  It  corresponds  to  an  (l.j)  or  (l.J,i,m) 
that  was  already  counted  during  a  previous  P. 


The  total  acquisition  probability  for  P  torpodoot. 

a’*'  «  aO^)  +  . ..  +  A(e^)  (48) 

u  p 

For  each  angle  p  the  firing  angle  with  correction  ( 6P  +  p)  Is  cal¬ 
culated  from  equation  (6d).  The  final  output  of  the  program  will  be 

(bp  +  p)^,  ...  (6P  +  P)^,  A^j  ...  (BP  +  p)^,  A^. 


Generally,  N  will  not  exceed  4  torpedoes  In  a  salvo. 

The  calculation  procedure  sketched  In  the  Summary,  page  3,  and  de¬ 
tailed  In  sections  3*?  through  3.5/  Is  shown  In  a  schematic  flow 
chart.  Figure  11, 


3.6  -  Conclusions 

The  method  detailed  in  sections  3*2  through  3*5  and  outlined  In  the 
flow  chart  Is  now  being  programmed  on  an  IBM  704  calculator.  The 
program  has  been  designed  to  economize  on  storage  and  time  required 
for  a  full  solution.  Estimates  of  these  quantities  for  a  typical 


31 


CONFIDENTIAL 


CONFIDENTIAL 


FIGURE  11.  PLOW  CHART 
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tactical  situation  must  await  completion  of  the  program  and  simulation 
of  actual  tactical  cases,  within  the  next  3  months. 

The  overall  efficacy  of  our  method  -  Its  ability  to  produce  a  high 
acquisition  probability  for  targets  at  ranges  up  to  ten  miles  -  and 
Its  sensitivity  to  various  Input  factors  cannot  be  accurately  Judged 
until  the  above  simulations  are  run.  However,  some  graphical  analyses 
suggest  that  the  most  critical  factors  are  the  distance  at  which  tar¬ 
get  detects  an  approaching  torpedo,  the  torpedo  speed  and  size  of 
acoustic  cone,  and  the  quality  of  the  ASP  fire  control  solution  which 
degrades  rapidly  with  Increasing  target  range. 

A  few  preliminary  graphical  analyses  were  made,  assuming  that  target 
detects  a  torpedo  1  mile  away,  torpedo  speed  40  knots,  acoustic  cone 
with  range  800  yards  and  half-angle  7  «  17° ,  a  reasonably  accurate 
ASP  (automatic  statistical  processing)  solution  for  a  target  at  range 
5  miles,  and  a  known  target  speed  from  screw  count.  Acquisition  prob¬ 
ability  was  385^  for  1  torpedo,  50$^  for  2  torpedoes,  and  60^  for  4 
torpedoes.  Acquisition  probability  was  reduced  by  half  If  either 
the  target  detection  =»  2  miles  or  the  screw  count  was  lacking. 

3.7  -  Future  Work 

In  addition  to  programming  the  method  now  In  progress  end  planning 
tactical  simulations,  we  shall  consider  Improving  the  method  Itself 
by  removing  present  limitations; 

o)  Straight-Running  Own-SMp  -  if  own-ship  changes  course  and/or 
speed  at  least  once  during  tracking  of  target.  It  can  get  range 
Information  Independent  of  assumed  limits  on  target  speed  or  a 
screw  count.  This  case  is  covered  In  the  ASP  report  (see  foot¬ 
note  ,  page  1  . 

b)  Straight-Running  Torgot  -  If  target  slnuates  or  zlgs  as  a  matter 
of  policy  before  detecting  a  torpedo,  then  It  naturally  becomes 
more  difficult  to  determine  target's  position  relative  to  oi'i- 
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ship.  Hoviever,  this  case  Is  being  Investigated  as  a  sequel  to 
tlu--  ASP  report. 

C)  Straight-Running  Torpedo  -  Acquisition  probability  in  Case  II 
or  Case  III  vjould  be  greater  for  a  single  torpedo  If  It  could 
travel  along  the  gentle  curve  of  the  "acquisition  locus",  as  de¬ 
fined  at  the  end  of  section  1.  Also,  If  torpedo  slnuates  around 
the  locus  of  Its  forward  motion.  Its  effective  acoustic  cone 
angle  will  be  Increased. 

If  any  of  the  limitations  a),  b),  or  c)  be  removed,  the  hypoth¬ 
esis  of  stralght-llne  motion  of  target  relative  to  torpedo  must 
be  abandoned.  This  will  require  considerable  complication  of 
equations  (.-^3)  through  (  ?8) . 

d)  Wotar  Ratittance  on  Torpado  -  If  torpedo  is  launched  from  a 
fast-moving  own-ship.  It  will  suffer  water  resistance  which  will 
slow  Its  own  speed  and  perhaps  change  its  course.  It  could  still 
be  straight-running, 

a)  Torpado  Acouatic  Cona  -  instead  of  1005^  acquisition  within  the 
geometrical  cone  and  zero  without,  a  general  formula  for  of 
acquisition  as  a  function  of  angle  and  distance  from  cone  could 
be  used.  This  formula  would  be  based  on  the  sensitivity  of  a 
torpedo  sonar  array. 

f)  Torpado  Baillatic  DIaparaion  -  Thi  ■  factor  is  neglected,  but  it 
could  be  Included  on  the  basis  of  torpedo  mechanical  capabilities 
and  Inhomogenel  ties  In  tlie  water  environment. 

g)  Dapth  -  This  factor  Is  assumed  fixed,  at  present. 

h)  Acguiaition  Probability  -  The  behavior  of  the  torpedo  after  It 
acquires  target  acoustically  and  before  It  hits  target  Is  now 
under  study. 
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I)  Limited  Input  -  Provision  will  be  made  for  an  alternative  In¬ 
put  of  range,  bearing,  course,  and  target  speed  -  all  relative 
to  own-ship  -  instead  of  bearing,  rate,  acceleration  and  screw 
count  target  speed.  Either  Input  can  be  given  by  ASP. 

It  Is  anticipated  that  the  straight-running  limitations,  a,  b,  and  c, 
will  be  harder  to  remove  than  the  others.  Any  generalization  of  the 
present  program  will  likely  Increase  storage  requirements  and  calcu¬ 
lating  time.  Whether  these  changes  will  sufficiently  Improve  the 
method's  effectiveness  to  Justify  their  adoption  requires  further 
study. 
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